We report a study of the complex AC impedance of CVD grown graphene. We measure the explicit frequency dependence of the complex impedance and conductance over the microwave and terahertz range of frequencies using our recently developed broadband microwave Corbino and time domain terahertz spectrometers (TDTS).
layer graphene films on Ni foils 15, 16 . This at only a few discrete frequencies.
In this study, we make use of our newlydeveloped microwave "Corbino" spectrometer to measure the broadband microwave response in the frequency range from 100 MHz to µm thick clean high resistivity Si substrate.
High purity Si was used as it has a purely di- ( Fig. 1 (a) ). Using the telegraphers' equation, the actual reflection coefficient at the sample surface S a 11
II. MICROWAVE MEASUREMENTS
is expressed as:
(
Here, the complex error coefficients E D , E S and E R represent the so-called directivity, can be shown to be
To isolate the impedance of the graphene layer, we use Eq. 3 with Z In addition to measurements at microwave frequencies, the Corbino spectrometer system can measure the two contact DC resistance simultaneously using a lock-in amplifier and a bias tee. Multiplying the measured resistance between the inner and outer conductors of the coaxial cable by the geometric factor g, we obtain resistance per square. As shown in absorbed gases.
In Fig. 2 , we present the results of our broadband microwave measurements on one particular graphene sample from 100 MHz to In Fig. 2 (c) , we plot the complex conductance obtained by using the inverse of the data Fig. 2 (b) . Since in the thin film limit, the complex conductance is the reciprocal of complex impedance, it also has almost no dependance on frequency. Here we have ra- Although the imaginary part of the conductivity is very small in Fig. 2 , it is not zero, which gives a measurable τ from the data.
Within the Drude model, the complex con- However, we should note that this small value of the scattering rate is interesting as it is at odds with that inferred from previous studies using higher frequency time-domain terahertz spectroscopy 30 or far-infrared reflectivity measurements 31 . 
IV. CONCLUSION
The two different scattering rates found in It is likely that it will be possible to measure changes in the impedance very precisely as the bias is swept from positive to negative. Moreover, by going to the high bias regime/large conductivity regime we should be insensitive to influence of the substrate impedance and will be able to isolate the graphene conductance more precisely.
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